Abstract. Eastern Austria is a region of low to moderate seismicity, and hence the seismological network coverage is relatively sparse. Nevertheless accurate earthquake location is very important, as the area is one of the most densely populated and most developed areas in Austria.
Introduction
The study area is situated at the transition of the Eastern Alps to the Pannonian Basin and the Western Carpathians. The Vienna Basin is, due to the vicinity to Vienna, one of the most densely populated and developed areas in the region.
Instrumentally recorded seismicity in the area is moderate, with a maximum registered magnitude of around 5. The Vienna Basin Fault System occasionally shows earthquakes with magnitudes larger than 4, for example in 1938 close to Ebreichsdorf one event with a magnitude of 5.0. Historical records (e.g., Gutdeutsch et al., 1987) and paleoseismicity (e.g., Hintersberger et al., 2010) indicate that even stronger earthquakes occur, more infrequently.
The Austrian seismological network is built of very high quality stations. However, due to large inter-station distances the allocation of an events to a fault is not always definite. Earthquake location and depth estimation accuracy can be increased with different approaches: additional seismic stations, particularly close to the epicenter, are the easiest way of improvement. As most location techniques are strongly dependent on the velocity model, the use of a regionally adapted model has a significant impact. The location technique itself has a big influence as well, in particular as seismic data and the velocity model enter in different ways.
In this article, we show an earthquake series south of Vienna in fall 2013, and which steps can be taken to improve and stabilize location. We deployed additional stations and collected all available data up to 240 km distance to form a comprehensive dataset. We use two different location techniques with two distinct velocity models.
This article illustrates the change in location and tries to allocate the earthquakes to known faults. 
Dataset

Seismicity
In fall 2013 an earthquake series was recorded in the Southern Vienna Basin close to Ebreichsdorf. Two main shocks with a local magnitude of 4.2 as well as about 30 aftershocks with magnitudes below 3.0 were observed. Although in 2000 a similar earthquake swarm was registered, with an epicentral distance to the closest permanent station of 20 km, hypocentral parameters can be only constrained within limits. This time the events were recorded by a multitude of networks as shown in Fig. 1 .
Velocity models
We used two velocity models for this investigation. The global IASP91 (Kennett, 1991) 1-D velocity model, which is used for event location in the ZAMG bulletin. The 3-D Pand S-velocity models by Behm et al. (2007a, b) , which are available for Eastern Austria, were also used.
Seismic stations
The Zentralanstalt für Meteorologie und Geodynamik (ZAMG) operates a seismic network of permanent broadband and strong motion stations in Austria. As part of the ALPAACT Project (Mertl and Brückl, 2010) , by the Technical University of Vienna (TU) 10 temporary seismic stations record seismic data in and around the Vienna Basin. Also, seismic records of the national networks surrounding Austria have been obtained via ORFEUS web service. Supplementary data from the nuclear power plant monitoring stations in Hungary was made available by GeoRisk Earthquake Engineering. After the second main shock, the University of Vienna deployed three seismic broadband stations (VB01, VB02 and VB03) as close as possible to the epicenters of the magnitude 4.2 events, as given in the ZAMG bulletin. We assembled all available data from the stations in above-mentioned networks to a comprehensive dataset for this study. We used stations up to 240 km distance, as the 3-D model has limited coverage. 
Routine processing with 3 local stations
The locations given in the bulletin are calculated using the LOCSAT (Nagy, 1996) algorithm with the 1-D velocity model. P-and S-arrivals of the Austrian station network and international stations close to the border are automatically picked and manually reviewed. Besides, the stations PUBA, MARA, SITA and GUWA of the ALPAACT network are included in routine analysis. Six aftershocks were also recorded with the close-by deployed stations VB01, VB02 and VB03. P-and S-picks from those stations were added to the routine processing.The locations using the local stations are marked with * in Table 1 . The mean inter-event distance of the newly located earthquakes decreases from 2.0 to 0.9 km with inclusion of the VB-stations. The use of these stations also moves the smaller aftershocks closer to the main events.
Advanced processing routine with comprehensive consistent dataset
We picked all station data available to us to compile a consistent arrival dataset. With the program NonLinLoc (Lomax et al., 2000) it was possible to use the 3-D velocity model. However, it does not include small-scale inhomogeneities like the underground beneath a station. This leads to shifts in event location, depending on station availability. This influence was reduced by calculating station corrections in the first location run and applying them in the final run. The improvement in location can be deduced from the mean interevent distance, which is reduced from 1.8 to 1.1 km after applying station corrections. Especially smaller events with less picks move closer to the rest of the swarm. Events with magnitudes bigger than 2.0 do change their location only negligibly. Hence, it was possible to get stable epicenters even for sparse station configurations. According to Geller (1976) the source radius of the two 4.2 earthquakes was estimated at less than 200 m, based on their Mb of 3.6, which was taken from the ZAMG Bulletin.
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The final epicenter locations are mostly within an area of 1 × 2 km as shown in Fig. 2 . The mean hypocentral depth is around 9 km, which is typical for this region as described, e.g. in Lenhardt et al. (2007) . This means that the hypocenters are beneath the principal displacement zone of the flower structure which is assumed for this area (Beidinger and Decker, 2011) . Furthermore, the epicenters show a southwest to north-east pattern which maps them to the Vienna Basin Fault System. Final locations are listed in Table 1 and are also available in QuakeML format in the digital Supplement related to this article.
Conclusions
In this study we used a multitude of data available for postprocessing. As expected, a higher network density around the epicenter improves the stability of earthquake locations, even if a global 1-D velocity model is used. With NonLinLoc, 3-D velocity model and station corrections it is possible to get stable epicenters even for changing and sparse station configurations.
Although the events can be associated with a nearby fault, no space-time pattern of the main shocks and their aftershocks can be seen with the methods applied and the data used. Therefore, we will investigate this earthquake swarm further using cross-correlation between events.
With this dataset it might be possible to identify additional regional phases like sP, PmP or sPmP. Those could then be used in further research to improve estimation of hypocentral parameters for other events, where less data is available.
The Supplement related to this article is available online at doi:10.5194/adgeo-36-77-2014-supplement.
